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TRANSFORMER-ISOLATED
ANALOG-TO-DIGITAL CONVERTER (ADC)
FEEDBACK APPARATUS AND METHOD

BACKGROUND OF THE INVENTION 5

1. Field of the Invention

The present invention relates generally to power switching,
circuits having transformer 1solation, and more specifically,
to a method and apparatus that provide digital feedback from 19
an analog-to-digital converter (ADC) through a transformer
that supplies power and/or clock signals from a winding that
1s 1solated from the ADC circuat.

2. Background of the Invention

Power switching circuits and other circuits that provide for
control of and/or measurement of high power/high voltage
systems typically require 1solation of the high power/high
voltage portion of the system from digital control and/or
measurement circuits. A transformer 1s typically used to pro-
vide an 1solation circuit in such systems. For sensing circuits,
the local sensing circuit power supply 1s typically derived
trom the high power/high voltage side of the 1solation circuit,
or provided as a separate power supply. Additionally clock
and control signals are generated or provided locally to the
sensing circuit, if required. Circuits such as voltage-to-ire-
quency (V/F) converters are frequently used for sensing in
such applications, due to their low cost and lack of control/
clock signal requirement.

However, in systems having digital control of high power/
high voltage circuits, use of an ADC i1s desirable for sensing,
with the consequent cost of additional clock and power sup-
plies provided at the 1solated (sensed) side of the transformer.

Therefore, 1t would be desirable to provide a transformer-
1solated ADC circuit that does not require clock or power
supply components at the 1solated sensing side of the trans-
former.
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40
The above stated objective of providing a transformer-

1solated ADC circuit that requires no clock or power supply
components at the sensing side of the transformer, 1s achieved

in a transformer-isolated ADC circuit and its method of
operation. The circuit may be provided by a transformer and 4
a set of integrated circuits, one of which includes the ADC
coupled to a first winding of the transformer, and the other of
which provides digital measurement and/or control circuitry
coupled to another winding of the transformer.

The circuit includes an ADC for recerving an analog input s
signal and a transformer having a first winding that recerves a
modulated output of the analog-to-digital converter. A second
winding of the transformer provides an 1solated data output of
the ADC. A demodulator 1s coupled to the second winding of
the transformer and demodulates the 1solated output to gen- 55
crate a digital representation of the analog input signal. The
demodulator may be a decimation filter 11 the ADC 1s a delta-
sigma ADC and the quantizer output 1s coupled through the
transformer as the data output from the transformer. Alterna-
tively, a delta-sigma ADC along with a decimation filter may ¢
have a decimated output coupled to the transformer as modu-
lated serial data, generally at a lower data rate.

The circuit further includes an isolation circuit for intro-
ducing a clock signal and/or a power supply wavetorm at the
second winding of the transformer, so that the ADC circuitis 65
supplied with an 1solated clock and/or an isolated power

supply.

2

The foregoing and other objectives, features, and advan-
tages of the mvention will be apparent from the following,
more particular, description of the preferred embodiment of
the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram depicting a circuit 1n accordance
with an embodiment of the present invention.

FIG. 2 1s a detailed block diagram depicting a circuit in
accordance with another embodiment of the present mnven-
tion.

FIG. 3 1s a detailed block diagram depicting a circuit 1n
accordance with yet another embodiment of the present
ivention.

FIG. 4 1s a detailed block diagram depicting a pair of
interconnected integrated circuits in accordance with an
embodiment of the present invention.

FIG. 5 1s a detailed block diagram depicting a pair of
interconnected integrated circuits in accordance with another
embodiment of the present invention.

FIG. 6 1s a detailed block diagram depicting a pair of
interconnected integrated circuits in accordance with yet
another embodiment of the present invention.

FIG. 7 1s a timing diagram depicting signals within the
circuits depicted 1n FIG. 1 through FIG. 6.

DESCRIPTION OF ILLUSTRATIV.
EMBODIMENT

(Ll

The present mvention encompasses circuits and methods
for providing power and/or clock signals to an analog-to-
digital converter (ADC) circuit that 1s 1solated from the rest of
the circuitry by a transformer. The digital output of the ADC
1s transmitted from the ADC through the transformer, provid-
ing an 1solated digital feedback signal for high-power/high-
voltage applications. The ADC circuit may be a delta-sigma
modulator-based ADC, and the modulator output may be
provided to a first winding of the transformer, and the deci-
mating filter coupled to a second winding of the transformer,
so that the delta-sigma modulator provides the modulated
signal that couples the output of the ADC through the trans-
former. Alternatively, the decimating filter may be coupled
directly to the ADC circuit and the decimated output modu-
lated for coupling through the transformer. Other types of
ADC circuits may also alternatively be employed and their
digital outputs modulated for providing the transformer-iso-
lated signal to a winding of the transformer, which 1s then
demodulated at another winding of the transformer. Control
information can also be provided within the modulated sig-
nal, so that a single transformer may be used to operate
circuits on the ADC side of the transformer such as power
switching devices.

Referring now to FIG. 1, a circuit 1n accordance with an
embodiment of the invention 1s shown. A control/measure-
ment integrated circuit (IC) 10 1s coupled to an analog-to-
digital converter (ADC) integrated circuit 12 by a transformer
11, which provides 1solation between circuits within control/
measurement integrated circuit (IC) 10 and devices to which
ADC itegrated circuit 12 1s connected. Transformer 11 also
1solates power supplies coupled to control/measurement 1nte-
grated circuit (IC) 10 from devices to which ADC integrated
circuit 12 1s connected. Measurement data provided from
ADC integrated circuit 12 1s embedded 1n a modulated signal
that carries the digital output information from an ADC cir-
cuit 18 through transformer 11 to control/measurement inte-
grated circuit (IC) 10. Clock information and power 1s pro-
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vided from control/measurement integrated circuit (IC) 10
through transformer T1 to operate ADC integrated circuit 12.
A rectifier 14 within ADC integrated circuit 12 rectifies the
AC wavelorm appearing on the secondary winding of trans-
former T1 that 1s connected to ADC integrated circuit 12. The
rectifier 14 supplies power to internal circuits of ADC inte-
grated circuit 12, but may also be used to power external
devices, 1f needed. The primary winding of T1 i1s provided
with AC power from control/measurement integrated circuit
(IC) 10, except during periodic intervals during which data
from ADC 18 1s imposed on the secondary winding of trans-
former T1 by a signal control/modulator circuit 19.

A clock extractor circuit 16, which generally includes a
phase-lock loop (PLL) or delay-lock loop (DLL), 1s used to
generate a local clock signal for operating ADC 18 and signal
control/modulator circuit 19, ensuring that ADC integrated
circuit 12 and control/measurement integrated circuit (1C) 10
are synchronized. The synchronization permits control/mea-
surement integrated circuit (IC) 10 to transmit clock informa-
tion, power, and/or control information to ADC integrated
circuit 12 while blanking transmission during intervals in
which ADC mtegrated circuit 12 1s providing digital measure-
ment data to control/measurement integrated circuit (1C) 10.

Referring now to FIG. 2, a circuit 1 accordance with
another embodiment of the present invention 1s shown. The
depicted embodiment 1s a power switching circuit that par-
tially 1solates a controller IC 10A from a switching power
stage using transtormer T1. As 1n the circuit of FIG. 1, clock
information and power are provided from controller IC 10A
to 1ntegrated circuit IC22A, and ADC output information 1s
provided from integrated circuit IC22 A to controller IC 10A.
Control of the gate of switching transistor N1 1s provided
directly from controller IC 10A, but control of the gate of
switching transistor N2, 1s provided from integrated circuit
IC22A, which permits controller IC 10A to operate from a
much lower power supply voltage and therefore use a lower
voltage technology than would be required if controller IC
10A were configured to operate the gate of transistor N2
directly, 1.e. without the 1solation provided by transformer11.
Integrated circuit IC22A includes a gate control circuit 24A
that extracts gate control information from the modulated
wavelorm provided through transformer T1 from controller
IC 10A. The power supply generated within integrated circuit
IC22A 1s referenced to the output positive power supply rail,
so that integrated circuit IC22A can also be implemented 1n
low-voltage technology. The modulated signal provided by
controller IC 10A to transformer T1 has information that is
coded to provide gate drive control information to integrated
circuit IC22A during a portion of the period of the modulated
signal. An ADC circuit 26 A provides information to control-
ler IC 10A by providing digital output imnformation that is
combined 1n the modulated signal during intervals 1n which
the output of controller IC 10A to transformer 11 1s “blanked”
(disabled).

Capacitor C1 filters the output of a rectifier circuit included
in 1ntegrated circuit IC22A which 1s derived from the same
winding of transformer T1 as the modulated clock/power/
ADC miformation signal. The mput to ADC 26A may be
provided from one or more sources. If multiple sources are
measured, ADC 26 A will include a multiplexor/selector that
may be operated by control information within the modulated
signal 1n addition to the gate control information. Potential
measurement sources include the current at switching power
stage output Out of the switching power stage as determined
by measuring the voltage across sense resistor Rz that 1s
coupled 1n series with switching power state output Out.
Either both voltages at the terminals of sense resistor R czox
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4

can be transmitted from ADC 26 A to controller IC 10A, or a
differential amplifier can be provided in integrated circuit
22A to provide an indication of the voltage across sense
resistor to ADC 26 A. ADC 26A may also select and measure
the output voltage of the switching power stage and the volt-
age at the gate of transistor N2, permitting full characteriza-
tion of the switching power output stage via measurements
made by ADC 26 A, which can be used as iputs to switching
control circuits within controller IC 10A, as well as providing
digital output to other devices for monitoring the status of the
switching power stage.

Referring now to FIG. 3, a circuit in accordance with
another embodiment of the present invention 1s shown. The
depicted embodiment 1s a power switching circuit that fully
1solates a controller IC 10B from a switching power stage
using transformer T2. The circuit of FIG. 3 1s similar in
operation and structure to the circuit of FIG. 2, and therefore
only differences between them will be described below. As 1n
the circuit of F1G. 2, clock information and power 1s provided
from controller IC 10B to integrated circuits 1C22B and
IC22B, and ADC output information 1s provided from inte-
grated circuits IC22B and IC22C to controller IC 10B. Inte-
grated circuits IC22B and IC22C provide gate control signals
to control switching power transistors P1 and N1, respec-
tively. The power supply generated within integrated circuit
IC22B 1s referenced to the output positive power supply rail,
and similarly, the power supply within integrated circuit
1C22C 1s referenced to the output negative power supply rail,
so that both integrated circuits 1C22B and 1C22C can be
implemented 1n low-voltage technology. The modulated con-
trol signal provided by controller IC 10C to transiformer T2
has mformation that may be coded separately for integrated
circuit IC22B and integrated circuit IC22C. The portions of
the signal provided by ADC circuits 26B and 26C are each
provided 1n separate intervals corresponding to the output of
ADC circuits 26B and 26C during which the output of con-
troller IC 10B to transformer 12 1s blanked.

Capacitors C1 and C2 filter the outputs of rectifier circuits
included 1n integrated circuits IC22B and 1C22C which are
derived from the same windings as the modulated clock/
power/ADC information signal. Measurement sources pro-
vided to ADCs 26B and 26C include the current through
transistors P1 and N1 as measured by corresponding current
mirrors M1 and M2, the output voltage of the switching
power stage and the voltage at the gates of each of transistors
N1 and P1. One or more current-sensing resistors as illus-
trated 1n FIG. 2 may be employed as an alternative to current
mirrors M1 and M2, and one or both of ADCs 26B and 26C
can be used to measure the differential voltage across the
sense resistor(s) to determine the current provided to the load
and to sense any short-circuit current in the power switching
output stage.

Referring now to FI1G. 4, a “two chip” solution including a
controller IC 30 and a remote 1IC 40 1s shown 1n a block
diagram detailing various components in accordance with an
embodiment of the invention. Controller IC 30 includes a
receiver 31 that detects ADC output bits embedded 1n the
modulated signal present on a first winding of transformer T3
connected to controller IC 30. In the depicted embodiment,
the ADC 41 1s a one-bit delta-sigma ADC 41, and one bit per
modulation period 1s transmitted from remote 1C 40 to con-
troller IC 30. A decimator 32 is included 1n controller IC 30
that accumulates the delta-sigma modulated ADC output and
renders a digital output ADC out that can be used by control
circuits within controller IC 30, such as delta-sigma modula-
tor (DSM) based pulse-width modulator (PWM) controller

33 and/or provided as a measurement output. The configura-
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tion of FIG. 4 1s advantageous as the modulation scheme 1s
simple (1nsertion of one ADC bit per modulation period), and
the complexity/power requirement of the ADC circuit 41 in
remote IC 40 1s reduced over a scheme 1n which the final ADC
output 1s provided by remote IC 40. Buifers B2 and B3 are
cnabled by the output of a state machine 43 that synchronizes
the 1nterval (portion of the modulation period) 1n which con-
troller IC 30 1s enabled to recerve ADC output data. Similarly,
clock generator 35 in controller IC 30 generates a signal
/BLNK which “blanks” the output of controller IC 35 pro-
vided to transformer T3 from modulator 34 when remote IC
40 1s providing ADC output data. A logical exclusive-OR gate
XOR provides a bipolar pulse that 1s either negative-positive
or positive-negative, depending on the state of the output of
delta-sigma ADC 41 for the period.

A rectifier circuit 44 provides power to circuits within
remote IC 40 from the modulated waveform by either passive
or active rectification, and rectifier 44 may be disabled during
transmission of the ADC information 1f active rectification 1s
employed. With either active or passive rectification, a sub-
stantial portion of the modulated wavetorm 1s provided by
controller IC 30, so that suilicient power can be derived by
rectifier 44 to operate all of the circuits within remote 1C 40
and any external circuits to which power 1s supplied by
remote IC 40. Schmidt Inverter 11 provides an input to state
machine 43 and a phase-lock loop 42 so that clock and syn-
chronization information 1s derived to operate delta-sigma
ADC 41 and synchronize reception of control information
used to control the Gate Drive signal provided to control an
external switching transistor. The Gate Drive signal 1s pro-
vided through high voltage buffer B4, which has an input
controlled by state machine 43. State machine 43 further
controls application of the output of delta-sigma ADC circuit
41 1n the modulated signal by enabling butiers B2 and B3. A
resistor R1 provides a controlled load impedance at the output
of transformer T3.

Within controller IC 30, DSM based PWM controller 33
provides an output to modulator 34 to set the pulse width of
gate drive control information provided through transformer
13 to remote IC 40. Buffer B1 is enabled by clock generator
circuit 35 during intervals 1 which information 1s not
expected to be returned by remote IC 40. Modulator 34 thus
provides clock information, gate control information, and
power wavelorms to remote 1C 40 through transformer T3
when buifer B1 1s enabled and receiver 31 recetves data from
delta-sigma ADC 41 1n remote 1C 40 when buffer Bl is
disabled. The power and/or clock mformation may be pro-
vided by the portions of the signal passing through trans-
former T3 that carry gate drive control information from
DSM-based PWM controller 33, or additional intervals for
providing power and/or clock information may be provided
within the signal carried by the transformer.

Referring now to FIG. 5, another “two chip” solution
including a controller IC 30A and a remote IC 40A 1s shown
in a block diagram detailing various components 1n accor-
dance with another embodiment of the invention. The circuits
of FIG. 5 are similar 1n structure and operation to those of
FIG. 4, and therefore only the differences between then will
be described below. Rather than providing a single bit output,
ADC 41A 1n remote IC 40A 1ncludes a decimating filter or
decimator 32A. In the depicted embodiment, a single deci-
mator output bit per modulation period 1s transmitted through
buifers B2 and B3, according to the same polarity inverting,
scheme provided by logical exclusive-OR gate XOR, how-
ever, other mechanisms may be employed for transmitting a
serial output of decimator 32A. In any case, the ADC output
rate of remote IC 40A 1s reduced over that of FIG. 4, with a
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6

consequent 1increase 1n complexity and power consumption.
However, the circuit of FIG. S may be preferred in implemen-
tations where 1t 1s desirable to provide a burst of ADC data
rather than a continuous single-bit DSM output, so that the
modulated signal through transformer T3 1s primarily used
for control, with occasional transmission of ADC data back to
controller IC 40A. Instead of a decimator, controller IC 40A
includes a shiit register 36 or other serial interface, to receive
and decode the data provided from ADC 41A 1n remote IC
40A. Further, 11 ADC types other than delta-sigma ADCs are
employed in remote IC 40A, the structure disclosed 1n FI1G. 5
1s directly applicable. For example, i ADC 41A 1s a flash-
type ADC, then no decimator 1s generally required and serial
data can be directly transmitted through transformer T3 for
reception by controller IC 30A.

Referring now to FIG. 6, another “two chip” solution
including a controller IC 30B and a remote IC 40B 1s shown
in a block diagram detailing various components 1n accor-
dance with another embodiment of the invention. The circuits
of FIG. 6 are similar in structure and operation to those of
FIG. 4, and therefore only the differences between them will
be described below. In the depicted embodiment and as 1n the
circuit of FIG. 4, a single decimator output bit per modulation
period 1s transmitted from delta-sigma ADC 41 through buil-
ers B2 and B3, according to the same polarity inverting
scheme provided by logical exclusive-OR gate XOR. Instead
of a decimator, controller IC 40B 1ncludes a digital-to-analog
converter (DAC) 52 to recerve the delta-sigma bitstream pro-
vided from ADC 41 in remote 1C 40B. The output of DAC 52
1s filtered by an analog low-pass filter 54 to remove the high-
frequency component of the delta-sigma bitstream, providing
an average voltage corresponding to the value measured by
ADC 41, which may be, for example, the average current
provided at the Gate Drive output. The output of low pass
filter 34 1s provided as a feedback signal, which in the exem-
plary embodiment 1s provided as an input to a motor control
circuit 30, which 1s an analog circuit responsive to 1put
voltage Vin and the feedback signal provided from low pass
filter 54. The output of motor control circuit 50 1s an analog
iput to DSM-based PWM controller 33, which provides
control information through transformer T3 to control a
motor coupled to the Gate Drive output. The illustrative
example provides a closed-loop motor control system that can
be made more responsive than a system including a decimator
as part of the analog-to-digital converter path. While the
illustrated embodiment shows a PWM based motor control
solution, the circuit including DAC 52 and low pass filter 54
may be used 1n other implementations, such as systems in
which control of motors or other devices 1s provided by paths
other than through transformer T3, including systems 1in
which transtormer T3 provides only clock and/or power to a
remote ADC integrated circuit and returns only the delta-
sigma measurement bitstream.

Referring now to FIG. 7, a timing diagram 1s depicted,
showing signal relationships within the above-described cir-
cuits. Clock signal 8Fs shows a signal as may be recon-
structed by a phase-lock loop or delay-lock loop at an ADC
integrated circuit connected to a primary transformer wind-
ing, with a PWM control circuit operating at a sample rate
illustrated by signal Fs that 1s connected to a secondary wind-
ing of the transformer. Signal ADCO and substantially 1den-
tical signal BLANK are active when the output of the ADC 1s
enabled, e.g., when the output of the PWM control circuit 1s
blanked. Signal MS 1s the signal present on the transformer
windings, and 1n the exemplary form, consists of a triplet of
bipolar pulses per sampling period. The first pulse 1s at a fixed
position, represented by time T1 and regular intervals there-
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after and can be used to synchronize a clock extraction PLL/
DLL circuit at the ADC. The first bipolar pulse 1s generated by
the PWM control circuit (or other clock circuit if a PWM
control circuit and associated gate drive are not present as 1n
the circuit of FIG. 1). The second bipolar pulse 1s also gen-
crated by the PWM control circuit (or other clock circuit) and
indicates the falling edge of the gate drive signal. Therefore,
the time between the internal edge of the first bipolar pulse
and the 1nternal edge of the second bipolar pulse controls the
pulse width, e.g., pwl, pw2 of the gate drive signal.

The third bipolar pulse 1s active during the assertion of the
ADCO signal, and 1s generated by the ADC. The leading edge
of the third bipolar pulse 1s started after completion of the
second bipolar pulse and the polarity of the edge between the
halves of the third bipolar pulse 1s set by the ADC data signal
value, so that the edge polarity indicates either a single-bit
ADC guantizer sample, or a bit of the decimated ADC value
if the decimator 1s included within the ADC circuit. Addi-
tional pulses may be included to represent additional quan-
tizer bits or to transmit a longer portion of the decimated ADC
value 1n a given period. The illustrated wavelorms show one
technique that can be used for bidirectional transmission of
data, while maintaining a net zero magnetization on the trans-
tormer. Other modulation techniques and bit patterns may be
used, including encoding the control information at a higher
clock rate, using pulse width changes to indicate the begin-
ning and end of the gate drive signal, and techniques in which
the frequency of the ADC sample rate 1s allowed to change to
accommodate a wider range of control pulse widths.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereot, 1t will be understood by those skilled in the art that the
foregoing and other changes in form, and details may be made
therein without departing from the spirit and scope of the
invention.

What 1s claimed 1s:

1. A circuit, comprising;:

an analog-to-digital converter for receiving an analog input
signal;

a transformer having at least one first winding for recerving,
a modulated output of the analog-to-digital converter
and at least one second winding for providing an 1solated
data output;

a demodulator coupled to the at least one second winding,
of the transtormer for demodulating the 1solated output
to generate a digital representation of the analog input
signal;

an 1solation circuit coupled to the at least one second wind-
ing of the transformer for coupling at least one of a clock
signal or power supply through the transformer to the
analog-to-digital converter, whereby the analog-to-digi-
tal converter 1s supplied with at least one of an 1solated
clock or an 1solated power supply; and

a switching power stage control circuit having a modulator
output coupled to the at least one second winding for
providing an 1solated drive signal at the at least one first
winding, wherein the modulator output has a rate sub-
stantially higher than the switching power stage control
circuit control rate;

another demodulator having an mmput coupled to the first
winding of the transformer for demodulating the 1so-
lated drive signal; and

a switching transistor having a gate coupled to an output of
the another demodulator, whereby the switching transis-
tor 1s controlled at the switching power stage control
rate.
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2. The circuit of claim 1, wherein the isolation circuit
applies an alternating current at the at least one second wind-
ing of the transformer and wherein the analog-to-digital con-
version circuit further comprises a rectifier for rectifying a
voltage impressed on the at least one first winding by the
1solation circuit to provide the 1solated power supply to the
analog-to-digital converter.

3. The circuit of claim 2, wherein the 1solation circuit
turther applies a clock signal at the at least one second wind-
ing of the transformer, and wherein the analog-to-digital con-
version circuit further comprises a clock extraction circuit
coupled to the at least one first winding for providing the
1solated clock to the analog-to-digital converter by extracting
the clock signal from the at least one first winding.

4. The circuit of claam 1, wherein the isolation circuit
applies a clock signal at the at least one second winding of the
transformer and wherein the analog-to-digital conversion cir-
cuit further comprises a clock extraction circuit coupled to the
at least one first winding for providing the 1solated clock to
the analog-to-digital converter by extracting the clock signal
from the at least one first winding.

5. The circuit of claim 1, wherein the analog-to-digital
converter comprises a delta-sigma modulator, and wherein
the modulated output of the analog-to-digital converter 1s an
output of a quantizer of the delta-sigma modulator and
wherein the demodulator includes a decimator that decimates
the 1solated data output.

6. The circuit of claim 1, wherein the analog-to-digital
converter comprises a delta-sigma modulator, and wherein
the modulated output of the analog-to-digital converter 1s a
data stream provided by a decimation {filter of the analog-to-
digital converter having an output coupled to the at least one
first winding.

7. The circuit of claim 1, wherein the analog-to-digital
converter comprises a delta-sigma modulator, and wherein
the modulated output of the analog-to-digital converter 1s an
output of a quantizer of the delta-sigma modulator and
wherein the demodulator 1s coupled to a digital-to-analog
converter for providing an analog output indicative of a value
of the analog 1input signal.

8. A method for measuring an analog input signal, com-
prising;:

converting the analog input signal to digital values using an

analog-to-digital converter circuit;

first providing the digital values as modulated information

to a first winding of a transformer;

demodulating the modulated information at a second wind-

ing of the transformer;

second providing at least one of a clock signal or a power

supply wavelorm to the second winding of the trans-
former;
recewving at least one of the clock signal or the power
supply wavetorm at the first winding of the transformer;

supplying the recerved clock signal or power supply wave-
form to the analog-to-digital converter circuit, whereby
the analog-to-digital converter circuit 1s provided with at
least one of operational clock or power;

providing a modulated switching power stage control sig-

nal at the second winding of the transformer having a
rate substantially higher than a control rate of a switch-
ing power stage; and

demodulating the modulated switching power stage con-

trol signal at the first winding of the transformer to
generate a control signal for the switching power stage.

9. The method of claim 8, wherein the second providing
provides the power supply wavelorm and the recerving
receives the power supply wavetorm, and wherein the method
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turther comprises rectifying the power supply wavetform to
provide operational power to the analog-to-digital converter
circuit.

10. The method of claim 9, wherein the second providing
turther provides the clock signal and the recerving receives
the clock signal, and wherein the method further comprises

extracting the clock signal from a signal at the first winding of

the transformer and supplying clock imnformation to the ana-
log-to-digital converter circuit 1in conformity with the clock
signal.

11. The method of claim 8, wherein the second providing
provides the clock signal and the recerving receives the clock
signal, and

wherein the method further comprises extracting the clock
signal from a signal at the first winding of the trans-
former and supplying clock information to the analog-
to-digital converter circuit in conformity with the clock
signal.

12. The method of claim 8, wherein the analog-to-digital
converter circuit comprises a delta-sigma modulator, and
wherein the first providing provides output values of a quan-
tizer of the delta-sigma modulator to the first winding of the
transformer, and wherein the recerving further comprises
decimating the output values of the transformer that are
received at the first winding of the transformer.

13. The method of claim 8, wherein the analog-to-digital
converter circuit comprises a delta-sigma modulator, wherein
the method further comprises decimating the output of a
quantizer of the delta-sigma modulator, and wherein the first
providing provides a result of the decimating to the first
winding of the transformer.

14. The method of claim 8, wherein the analog-to-digital
converter circuit comprises a delta-sigma modulator, and
wherein the first providing provides output values of a quan-
tizer of the delta-sigma modulator to the first winding of the
transiformer, and wherein the method turther comprises con-
verting the output values that are received at the first winding,
of the transformer to an analog output signal indicative of a
value of the analog 1nput signal.

15. An mtegrated circuit, comprising:

a pair of terminals for connection to a second winding of a
transformer having digital output information from an
analog-to-digital converter integrated circuit connected
to a first winding of the transformer;

a modulator for generating at least one of a power wave-
form or a clock wavetform, wherein the output of the
modulator 1s coupled to the pair of terminals for supply-
ing the at least one power wavetorm or clock wavetform
to the analog-to-digital converter by coupling the at least
one power wavelorm or clock waveform through the
transformer; and

a switching power stage control circuit having an output
coupled to the modulator for further providing modu-
lated switching power stage control information to the
pair of terminals for controlling a switching power stage
coupled to analog-to-digital converter integrated circuat.

16. An mtegrated circuit, comprising:
an analog-to-digital converter circuit;

a pair of terminals for connection to a first winding of a
transformer and coupled to an output of the analog-to-
digital converter circuit for providing digital values to a
receiver mtegrated circuit connected to a second wind-
ing of the transformer; and

a clock or power reception circuit for deriving at least one
of a clock signal or power from the first winding of the
transformer and having an output coupled to the analog-
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to-digital converter circuit for providing at least one of
power or clock information to the analog-to-digital con-
verter circuit;

a switching power stage control demodulator having an
input coupled to the pair of terminals for decoding
modulated switching power stage control information
provided by the recerver itegrated circuit; and

at least one switching power stage output terminal coupled
to an output of the switching power stage control
demodulator for providing a switching power control
signal to at least one power switching device.

17. The integrated circuit of claim 16, further comprising a
rectifier having an input coupled to the pair of terminals and
an output coupled to a power supply input of the analog-to-
digital converter circuit for providing power to the analog-to-
digital converter circuit.

18. The integrated circuit of claim 17, further comprising a
clock extractor circuit having an mput coupled to the pair of
terminals and an output coupled to a clock input of the analog-
to-digital converter circuit for providing clock information to
the analog-to-digital converter circuait.

19. The integrated circuit of claim 16, further comprising a
clock extractor circuit having an iput coupled to the pair of
terminals and an output coupled to a clock input of the analog-
to-digital converter circuit for providing clock information to
the analog-to-digital converter circuit.

20. A circuit, comprising;

an analog-to-digital converter for recerving an analog input
signal;

a transformer having at least one first winding for receiving
a modulated output of the analog-to-digital converter
and at least one second winding for providing an 1solated
data output;

a demodulator coupled to the at least one second winding,
of the transformer for demodulating the 1solated output
to generate a digital representation of the analog input
signal; and

an 1solation circuit coupled to the at least one second wind-
ing of the transformer for coupling at least one of a clock
signal or power supply through the transformer to the
analog-to-digital converter, whereby the analog-to-digi-
tal converter 1s supplied with at least one of an 1solated
clock or an 1solated power supply, wherein the analog-
to-digital converter comprises a delta-sigma modulator,
and wherein the modulated output of the analog-to-digi-
tal converter 1s an output of a quantizer of the delta-
sigma modulator and wherein the demodulator includes
a decimator that decimates the 1solated data output.

21. A circuit, comprising:

an analog-to-digital converter for receiving an analog input
signal;

a transformer having at least one first winding for receiving,
a modulated output of the analog-to-digital converter
and at least one second winding for providing an isolated
data output;

a demodulator coupled to the at least one second winding,
of the transformer for demodulating the 1solated output
to generate a digital representation of the analog 1nput
signal; and

an 1solation circuit coupled to the at least one second wind-
ing of the transformer for coupling at least one of a clock
signal or power supply through the transformer to the
analog-to-digital converter, whereby the analog-to-digi-
tal converter 1s supplied with at least one of an i1solated
clock or an 1solated power supply, wherein the analog-
to-digital converter comprises a delta-sigma modulator,
and wherein the modulated output of the analog-to-digi-
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tal converter 1s a data stream provided by a decimation
filter of the analog-to-digital converter having an output
coupled to the at least one first winding.

22. A circuit, comprising:

an analog-to-digital converter for recerving an analog input
signal;

a transformer having at least one first winding for recerving,
a modulated output of the analog-to-digital converter
and at least one second winding for providing an 1solated
data output;

a demodulator coupled to the at least one second winding,
of the transformer for demodulating the 1solated output
to generate a digital representation of the analog 1nput
signal; and

an 1solation circuit coupled to the at least one second wind-
ing of the transtformer for coupling at least one of a clock
signal or power supply through the transformer to the
analog-to-digital converter, whereby the analog-to-digi-
tal converter 1s supplied with at least one of an 1solated
clock or an 1solated power supply, wherein the analog-
to-digital converter comprises a delta-sigma modulator,
and wherein the modulated output of the analog-to-digi-
tal converter 1s an output of a quantizer of the delta-
sigma modulator and wherein the demodulator 1s
coupled to a digital-to-analog converter for providing an
analog output indicative of a value of the analog input
signal.

23. A method for measuring an analog input signal, com-

prising;:

converting the analog input signal to digital values using an
analog-to-digital converter circuit;

first providing the digital values as modulated information
to a first winding of a transformer;

demodulating the modulated information at a second wind-
ing of the transformer;

second providing at least one of a clock signal or a power
supply wavelorm to the second winding of the trans-
former;

receiving at least one of the clock signal or the power
supply waveform at the first winding of the transformer;
and

supplying the recerved clock signal or power supply wave-
form to the analog-to-digital converter circuit, whereby
the analog-to-digital converter circuit 1s provided with at
least one of operational clock or power, wherein the
analog-to-digital converter circuit comprises a delta-
sigma modulator, and wherein the first providing pro-
vides output values of a quantizer of the delta-sigma
modulator to the first winding of the transformer, and
wherein the recerving further comprises decimating the
output values of the transformer that are received at the
first winding of the transformer.
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24. A method for measuring an analog input signal, com-

prising;:

converting the analog input signal to digital values using an
analog-to-digital converter circuit;

first providing the digital values as modulated information
to a first winding of a transformer;

demodulating the modulated information at a second wind-
ing of the transformer;

second providing at least one of a clock signal or a power
supply wavelorm to the second winding of the trans-
former;

receving at least one of the clock signal or the power
supply waveform at the first winding of the transformer;
and

supplying the recerved clock signal or power supply wave-
form to the analog-to-digital converter circuit, whereby
the analog-to-digital converter circuit 1s provided with at
least one of operational clock or power, wherein the
analog-to-digital converter circuit comprises a delta-
sigma modulator, wherein the method further comprises
decimating the output of a quantizer of the delta-sigma
modulator, and wherein the first providing provides a
result of the decimating to the first winding of the trans-
former.

25. A method for measuring an analog mput signal, com-

prising;:

converting the analog input signal to digital values using an
analog-to-digital converter circuit;

first providing the digital values as modulated information
to a first winding of a transformer;

demodulating the modulated information at a second wind-
ing of the transformer;

second providing at least one of a clock signal or a power
supply wavelorm to the second winding of the trans-
former;

recewving at least one of the clock signal or the power
supply wavetorm at the first winding of the transformer;
and

supplying the received clock signal or power supply wave-
form to the analog-to-digital converter circuit, whereby
the analog-to-digital converter circuit 1s provided with at
least one of operational clock or power, wherein the
analog-to-digital converter circuit comprises a delta-
sigma modulator, and wherein the first providing pro-
vides output values of a quantizer of the delta-sigma
modulator to the first winding of the transformer, and
wherein the method further comprises converting the
output values that are received at the first winding of the
transformer to an analog output signal indicative of a
value of the analog mput signal.
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